(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication: 

28.02.1996 Bulletin 1996/09 

(21) Application number: 95305109.1 

(22) Date of filing: 21.07.1995 



(11) EP 0 699 015 A1 

EUROPEAN PATENT APPLICATION 

(51) intciA H05B 33/08 



(84) Designated Contracting States: 
DE PR GB 

(30) Priority: 24.08.1994 US 296194 

(71) Applicant: Hewlett-Pacltard Company 
Palo Aito, California 94304 (US) 



(72) Inventor: Corrigan, George H. 
Corvallis, OR 97330 (US) 

(74) Representative: Colgan, Stepiien James et al 
London WC1 A 2RA (GB) 



(54) Power circuit with energy recovery for driving an electroluminescent device 



(57) Adrive circuit (14) for an ELdevice (10) defines 
a power cycle and performs energy recovery. During a 
charging phase (32, 36) of the power cycle, a first energy 
storage device (L^) sequentially releases small energy 
portions from a power source (12) into the EL device. 
The energy portions incrementally accumulate to create 
a high energy potential (VJ across the ELdevice. During 
a discharging phase (34.38) of the power cycle, a second 
energy storage device (L2) sequentially accepts small 
energy portions from the EL device to decrementally dis- 
charge the EL device. A switching scheme is implement- 
ed to pump the energy storage devices (L^ or Lg) to se- 
quentially release or accept the small energy portions. 
Energy recovery is performed by capturing some of the 
EL device discharge energy and introducing it back to 
the EL device during a subsequent charging phase. To 
capture the discharge energy, the small energy portions 
accepted by the second energy storage device (Lg) are 
passed to a third energy storage device (Or) which ac- 
cumulates the portions. 
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Description 

BACKGROUND OF THE INVENTION 

This invention relates to a circuit for driving an elec- 5 
troluminescent ("EL") device, and more particularly to a 
drive circuit whicli charges an EL device during one part 
of a power cycle and recovers EL device discharge en- 
ergy during another part of the power cycle. The recov- 
ered energy then is re-applied to charge the EL device. 

A typical electroluminescent device is a flat-panel 
display. The panel is formed by an electroluminescent 
layer sandwiched between a pair of outer conductive lay- 
ers. The electroluminescent layer is formed by a ceramic 
dielectric having an electroluminescent phosphor coat- 
ing. The outer conductive layers form horizontal and ver- 
tical electrodes on opposite sides of the dielectric. Acti- 
vation of crossing electrodes illuminates the intersected 
phosphor area to light a pixel on the display. 

In operation a pixel is activated by repetitive charg- 
ing and discharging of the panel area defining the pixel. 
The panel in essence is a capacitive device typically 
modelled as a capacitor having a nonlinear loss element. 
The loss element varies with voltage and switching fre- 
quency. Conventional electroluminescent devices lack- 
ing energy recovery schemes consume large amounts 
of energy through repetitive charging and discharging 
and exhibit relatively low power conversion efficiency. 

During a charging phase the pane! absorbs energy 
as capacitance Then during a discharge phase, the ca- 
pacitive energy is discharged through a resistive device 
to be dissipated in the form of heat. During the charging 
phase, only a very small portion (e.g., less than 5%) of 
the energy delivered to the panel is expended in the cre- 
ation of light. Most of the energy is stored in the panel 
capacitance or dissipated in the charging path resistance 
as heat. Accordingly there has been a need to improve 
the efficiency of electroluminescent panels and reduce 
power consumption. 

Schemes for improving the efficiency include energy 
saving schemes and energy recovery schemes. Energy 
saving schemes have been directed toward shaping the 
charging current so as to reduce the energy lost as heat 
through the charging path resistance. This invention is 
directed toward a drive circuit employing an energy re- 
covery scheme. 

According to energy recovery schemes, energy dis- 
charged by the EL device is forced back into a system 
power source. To do so a portion of the discharged en- 
ergy typically dissipated through a resistive device, in- 
stead, is directed elsewhere for storage and re-use. Prior 
energy recovery schemes have directed the energy into 
a "resonant tank" circuit. The EL device discharged in 
one burst based on the load capacitance timing constant. 
A drawback of such approach is that large components 
are required to move and capture the energy. According- 
ly there is a need for an alternative energy recovery 
scheme in which smaller components can be used. 



Smaller low-profile components are desirable for imple- 
menting a drive circuit with power recovery in hand-held 
EL devices. 

SUMMARY OF THE INVENTION 

According to the invention, a drive circuit for an EL 
device defines a power cycle and performs energy re- 
covery. During a charging phase of the power cycle, a 
first energy storage device (i.e., inductor) sequentially re- 
leases small energy portions from a power source into 
the EL device. The energy portions incrementally accu- 
mulate to create a high energy potential across the EL 
device. Some of the energy is converted to light by the 
EL device. During a discharging phase of the power cy- 
cle, a second energy storage device (i.e., inductor) se- 
quentially accepts small energy portions from the EL de- 
vice to decrementally discharge the EL device. 

A switching scheme is implemented to pump the en- 
ergy storage devices to sequentially release or accept 
the small energy portions. The size (i.e., inductance and 
physical size) of the energy storage devices determines 
the amount of energy to be moved per switching step. 
By moving small energy portions in many steps, Instead 
of one large energy portion in a single burst, the size of 
the energy storage devices used is reduced. 

Energy recovery is perfonmed by capturing some of 
the EL device discharge energy and introducing it back 
to the EL device during a subsequent charging phase. 
To capture the discharge energy, the small energy por- 
tions accepted by the second energy storage device are 
passed to a third energy storage device (i.e., capacitor) 
which accumulates the portions. The third energy stor- 
age device introduces the recovered energy back Into 
the EL panel by discharging into the EL device during a 
subsequent charging phase. This partially charges the 
EL device. To completely charge the EL device, addition- 
al energy is pumped from the power source via the first 
energy storage device to the EL device. As previously 
described, the additional energy is released in the form 
of small energy portions to incrementally accumulate a 
high energy potential across the EL device. 

The Drive circuit is formed by a pair of switching 
bridges and a pair of pumping circuits. The pumping cir- 
cuits include the energy storage devices. 

According to one aspect of the invention, the bridges 
are formed as a first and a second bridge across the EL 
device. Switching action among transistors forming the 
bridges defines a power cycle. When the first bridge is 
active, energy flow into the EL device is at one polarity. 
When the second bridge is active, energy flow into the 
EL device is at the opposite polarity. When neither bridge 
is active, the EL device is Isolated. Within each bridge, 
switching transistors are controlled to define either one 
of a charging phase or a discharging phase. The bridges 
are controlled to alternate polarity and alternate charging 
and discharging phases. A repeating power cycle occurs 
in which a charging phase and discharging phase at one 
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polarity are followed by a charging phase and discharg- 
ing phase at the opposite polarity. 

According to another aspect of the invention, an in- 
put voltage signal from a power source is received into 
a first pump stage of the drive circuit. The first pump 
stage includes an inductor for storing energy from the 
power source and a switching device for pumping the 
energy from the inductor to the EL device. The switching 
device switches at a high frequency relative to the EL 
panel charging time constant so that flow of many small 
portions of energy defines the charging phase. The first 
pump stage is active during charging phases to move a 
sequence of small energy portions from the power 
source to the EL device via the inductor. 

According to another aspect of the invention, the 
drive circuit includes a second pump stage which re- 
ceives the discharge from the EL panel during a dis- 
charge phase. The second pump circuit includes an in- 
ductor, a recovery capacitor and a switching device. The 
switching device activates a discharge path for the EL 
device. White the path is active a small portion of dis- 
charge energy flows into the inductor. The switching de- 
vice controls the discharge path so that discharge energy 
is pumped in small portions from the EL device to the 
inductor and through the inductor into the recovery ca- 
pacitor for storage. The switching device switches at a 
high frequency relative to the EL panel discharge timing 
constant so that flow of many small portions of discharge 
energy defines the discharging phase. The second pump 
stage is active during the discharge phases to recover 
portions of discharged energy at the recovery capacitor. 

The recovery capacitor subsequently discharges 
the recovered energy into the EL device during the next 
charging phase of the power cycle. Thus, during each 
charging phase, the EL device receives a relatively large 
energy portion from the recovery capacitor and multiple 
small energy portions from the primary power source. 
The energy from the recovery capacitor is recovered en- 
ergy which need not be drawn off the power source. 
Thus, power consumption is reduced. 

According to another aspect of the invention, the 
switching action in the two pump stages and the two 
bridges are coordinated to define the power cycle. The 
switch in the first pump stage Is active for switching only 
during charging phases to pump energy into the EL de- 
vice. The switch In the second pump stage Is active for 
switching only during discharge phases to pump energy 
out of the EL device. The transistors in the first bridge 
are active to define a first polarity and are switched to 
transition between a charging phase and a discharging 
phase. The transistors in the second bridge are active to 
define a second polarity and also are switched to transi- 
tion between a charging phase and a discharging phase. 

One advantage of the energy recovery circuit of this 
invention is that the switching action used for pumping 
energy into and out of the EL device allows smaller units 
of energy to be controlled. Previously discharge energy 
was recovered in one large burst according to resis- 



tive-capacitive-inductive ("RLC") timing constants in res- 
onant tank circuits. According to this invention, however, 
energy is pumped Incrementally based on switching ac- 
tion. The switching scheme allows smaller energy stor- 

5 age devices to be used achieve energy recovery than 
required for conventional resonant tank energy recovery 
circuits. The smaller components in turn enable the en- 
ergy recovery circuit of this invention to be implemented 
in very small hand-held portable devices. 

10 Another advantage of the energy recovery circuit of 
this invention is a reduced power consumption. Reduced 
power consumption is particularly beneficial for EL pan- 
els used with portable computing devices. As the panel 
is powered by battery, it operates for a longer time period 

IS before the battery needs to be recharged. 

Another advantage of the energy recovery circuit is 
that less heat Is generated In powering an EL device. 
Thus the need to provide cooling mechanisms is re- 
duced. Reduced cooling requirements means a lighter 

20 weight panel may be achieved and that the panel can be 
used in higher temperature environments. 

Another advantage of the energy recovery circuit is 
that effective steady state currents in the EL drive circuit 
are reduced. 

25 The Invention will be better understood by reference 
to the following detailed description taken in conjunction 
with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of an electroluminescent 
device and power source according to an embodi- 
ment of this invention; 

Fig. 2 is a schematic diagram of the energy recovery 
circuit and EL device of Fig. 1 according to an 
embodiment of this invention; 

Fig. 3 is a chart of panel voltage over the charging 
and discharging phases of the power cycle using the 
energy recovery circuit of Fig. 2; 

Fig 4 is a timing diagram showing transistor states 
for energy recovery circuit components at various 
times during the power cycle; and 

Fig. 5 is a schematic diagram of a timing generator 
circuit for controlling switching within the energy 
recovery circuit of Fig. 2. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

Overview 



55 Fig. 1 shows a block diagram of an electrolumines- 
cent ("EL") device 10, power source 12 and drive circuit 
1 4 according to an embodiment of this invention. The EL 
device 10 is an electroluminescent panel, electrolumi- 
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nescent lamp or other electroluminescent lighting de- 
vice. Such EL devices 10 are capacitive in nature The 
power source 12 supplies a dc input voltage signal, Vj^. 
to the drive circuit 14. The drive circuit 14 receives the 
voltage signal and drives the EL device 10 to alternating 
high and low potentials at reversing polarity to generate 
light. 

The drive circuit 1 4 includes an energy recovery cir- 
cuit 16 and a timing generator circuit 18. The energy re- 
covery circuit 14 receives the input voltage signal, Vj^, 
and generates an alternating polarity power input signal 
to the EL device 10 based upon timing signals provided 
by the timing generator circuit 18. For each polarity of 
the power cycle there is a charging phase and discharg- 
ing phase. The EL device 1 0 is charged to a high poten- 
tial at one polarity, then discharged to a low potential. 
The polarity then reverses and the device 10 is charged 
to a high potential at the opposite polarity. The device 1 0 
then discharges to a low potential and the polarity again 
reverses to begin a new power cycle. 

The EL device 10 repeatedly is charging and dis- 
charging during operation. During a charging phase, a 
portion of input energy is absorbed by the device 10, a 
portion is dissipated as heat and a portion is converted 
to light. During a discharging phase, the previously ab- 
sorbed energy is released. The function of the power re- 
covery circuit is to absorb a portion of the released en- 
ergy for re-use during a subsequent charging phase. The 
more energy recovered in this way, the more efficient are 
the EL panel 10 and related drive circuitry 14. By recov- 
ering energy for-reuse, the net input from power source 
12 is reduced, thereby reducing the power consumption 
of the EL device 10. 

Energy Recovery Circuit 

Fig. 2 shows a schematic diagram of the energy re- 
covery circuit 16 with EL device 10 according to a pre- 
ferred embodiment of this invention. The EL device 10 
is represented electrically by its characteristic load ca- 
pacitance, Cl, and load resistance, Rl. During an energy 
charging phase, the device 1 0 receives energy. A portion 
of the received energy is stored in the device 10 due to 
Its load capacitance C|_. Another portion is converted to 
light 

During an energy discharging phase, capacitive en- 
ergy stored In the device 10 (e.g., Cl) is discharged. A 
portion of this discharged energy is dissipated as heat 
via the device's load resistance, R^. The function of the 
energy recovery circuit 16, however, is to re-absorb a 
portion of this discharged capacitive energy, thereby re- 
ducing the portion dissipated as heat. Such re-absorbed 
energy then is re-applied to the device 10 during a sub- 
sequent charging phase. As a result, the power drawn 
from the source 1 2 to power the EL device 1 0 Is reduced. 
The EL device 10, in effect, becomes more efficient when 
coupled with the energy recovery circuit 16. 

The energy recovery circuit 16 includes a charging 



pump stage 20, a recovery pump stage 22, and a bridge 
stage 24. The charging pump stage 20 pumps energy 
from power source 12 into the EL device 10 during a 
charging phase. The recovery pump stage 22 absorbs 

5 load capacitance Cl discharge energy during the dis- 
charging phase and inputs a portion of that absorbed en- 
ergy back into the EL device 10 during a subsequent 
charging phase. The bridge stage 24 defines a power 
cycle controlling the polarity of energy input to the EL 

10 device 1 0 and the charging and discharging phase tran- 
sitions. 

The charging pump stage 20 includes an inductor 
L-,, diode D-|, and switching transistor T^. The Inductor 
Li receives the dc voltage input signal Vj„ from power 

15 source 12. Energy then Is pumped from the inductor L-j 
to the EL device 10 by transistor T, . By switching tran- 
sistor T^ on and off, the inductor L^ is cyclically loaded 
and released. Diode D-, prevents current from traveling 
back into the booster stage 20 during discharging phas- 

20 es. 

The recovery pump stage 22 includes an inductor 
L2, a switching transistor Tg, a diode D4, and a recovery 
capacitor Cp. During a discharge phase of the power cy- 
cle, the EL device 1 0 load capacitance Cl is discharged. 

25 A portion of this discharged energy is dissipated by load 
resistance Rl- A significant portion, however, flows to in- 
ductor Lg. The energy is pumped from inductor L2 to a 
recovery capacitor, Cr, for storage. Transistor Tg peri- 
odically switches on and off during this discharge phase 

30 to pump the energy through the Inductor L2 into capacitor 
Cr. During the next charging phase of the power cycle, 
the recovery capacitor, Cr, discharges its energy to flow 
back into the EL device 10. Thus, during a charging 
phase, the EL device 10 receives energy from both the 

35 charging pump stage 20 (e.g., inductor L^) and the re- 
covery pump stage 22 (e.g., capacitor Cr). 

The bridge stage 24 includes a first bridge 26, a sec- 
ond bridge 28 and diodes D2 and D3. When the first 
bridge 26 is active, second bridge 28 is inactive. Simllar- 

40 ly, when second bridge 28 is active, first bridge 26 is in- 
active. When first bridge 26 is active, energy flow Into the 
EL device 1 0 is at one polarity. When second bridge 28 
is active, energy flow Into EL device 1 0 is at the opposite 
polarity. When neither bridge 26, 28 is active, the EL de- 

45 vice is isolated. The first bridge 26 Is formed by transis- 
tors T2 and T3. The second bridge 28 is formed by tran- 
sistors T4 and T5. 

In one embodiment the switching devices T-, - Tg are 
formed by power FETs having intrinsic body diodes. 

50 These body diodes are shown across the source and 
drain of each transistor in Fig. 2. The body diodes of tran- 
. sistors T3 and T5 provide a return path for EL device dis- 
charge current while the switching transistors T2-T5 of 
the first and second bridges 26, 28 are off. In an alternate 

55 embodiment only the transistors T3 and T5 have body 
diodes. In still another embodiment, transistors T3 and 
T5 do not have body diodes, but instead have high effi- 
ciency schottky diodes across their respective source 
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and drain contacts. 
Power Cvcle and Timing 

Fig. 3 shows the voltage signal, Vi_, across the EL 
device 10 over the power cycle. The power cycle in- 
cludes a charging phase 32 and a discharging phase 34 
at a first polarity, followed by a charging phase 36 and 
discharging phase 38 at the opposite polarity. Fig. 4 
shows a timing diagram of the switching transistor T1-T5 
states for the charging and discharging phases 32-38. 

Charging and discharging phases of the EL device 
are defined by toggling bridge 26 or 28 switching tran- 
sistors. During a charging phase at one polarity, transis- 
tors T2 and T3 are on and transistors T4 and T5 are off. 
During the discharging phase of the same polarity, tran- 
sistors Tg, T3, T4 and T5 are off. During the subsequent 
charging phase at the opposite polarity, transistors Tg 
and T3 are off and transistors T4 and T5 are on. During 
the discharging phase of such opposite polarity, transis- 
tors Tg, T3, T4 and T5 are off. When transistors T2 
through T5 are off, the load device 10 is isolated. When 
transistor Tg switches on a tow potential forward biases 
the diode Dg or D3 (depending on the polarity) providing 
a discharge path. The load 10 discharges through diode 
D2 or D3 while transistor Tg is on. The body diodes of 
transistors T3 and T5 provide the return path for the dis- 
charge current. By switching transistor Tg on and off: the 
load capacitance Cl discharges to inductor Lg in small 
energy portions. 

The charging phase 32 at a first polarity (e.g., posi- 
tive) begins at time t©. At time t© signal Mi becomes ac- 
tive cyclically switching the transistor T1 on and off. 
While on, inductor L-, passes a small portion of the input 
voltage Vj^ energy from the power source 1 2 to the load 
10 via bridge 26 or 28 to develop a load voltage, Vl- A 
portion of the incoming energy is stored in the load ca- 
pacitance Cl- Another portion is converted to light. 

As shown in Fig. 4, signals M2 and M5 are low and 
signals M3 and M4 are high during the charging phase 
32. Thus, the first bridge 26 is active. Transistor T3 puts 
node 40 near ground potential and transistor T2 puts 
node 42 at a high potential. The incoming energy is 
pumped through the first bridge 26 to the EL panel 1 0 to 
build the load voltage Vl to a high potential at a first po- 
larity (e.g., positive). Fig. 3 shows the incremental rise in 
voltage, V^, across the EL load 1 0 during phase 32. Each 
step-like increase in voltage, Vl, corresponds to the en- 
ergy pumped from inductor L^ during one switching pe- 
riod of signal M^. 

The shape of signal Vl during the charging phase 
32 is detemnined by the inductor L^ timing constant, the 
signal frequency, and the load capacitance Cl timing 
constant. The step-like increments in Vl are determined 
by the inductor L^ timing constant and the signal fre- 
quency. 

The discharging phase 34 begins at time t^. During 
the discharging phase 34, signal is kept low prevent- 



ing energy from flowing from the charging pump stage 
20 to the EL panel 10. Signal M2 switches high and signal 
M3 switches low so that transistors T2-T5 are off Isolating 
the load 10. Whenever Te switches on, diode D2 is for- 
5 ward biased forcing the panel to discharge toward a low- 
er potential. The run-off current enters inductor L2- Tran- 
sistor Tg pumps the current from the inductor L2 through 
diode D4 charging the recovery capacitor Cr. Fig. 3 
shows the incremental lowering of voltage across the EL 
10 device 10 during phase 34 due to the pumping action. 
Fig. 4 shows the switching of transistor Tg triggering the 
pumping action. The shape and step-like decrements in 
Vl are determined by the inductor timing constant, the 
signal frequency and the load capacitance Cl timing 
IS constant. 

The next charging phase 36 begins at time t2. During 
the charging phase 36, signal Mg is held low keeping the 
transistor Tg off so no more energy flows through the in- 
ductor L2 into capacitor Cr. Also, signal M4 is switched 
20 low and signal M5 is switched high so that transistors T4 
and T5 are on and transistors T2 and T3 are off. This ac- 
tivates the second bridge 28 jumping node 40 to a first 
potential as capacitor Cr discharges. Diode D4 keeps 
the discharge energy from flowing as current back to- 
25 ward inductor L2. The current flows to node 44 and into 
the EL panel 10. Node 44 increases its voltage potential 
magnitude as energy is received from both the inductor 
L^ and the capacitor Cr. 

With the second bridge 28 active, the energy flow 
30 from node 44 to nodes 40 and 42 puts node 40 at a high 
potential and node 42 at a low potential. Thus, the energy 
from node 44 flows in the reverse direction to the EL pan- 
el 10 compared with the flow during the charging phase 
32. The EL panel 1 0 is brought to a high potential, Vl, at 
35 the opposite polarity (e.g., negative). Fig. 3 shows the 
incremental rise in voltage during phase 36 due to the 
pumping action. Fig. 4 shows the switching of transistor 
T^ triggering the pumping action. The shape and 
step-like decrements in signal Vl are determined by the 
40 inductor L^ timing constant, the signal frequency and 
the load capacitance Cl timing constant. 

The next discharging phase 38 begins at time t3. 
During the discharging phase 38, signal is kept low 
preventing energy from flowing from the charging pump 
45 stage 20 to the EL panel 10. Signal M4 switches high and 
signal M5 switches low so that transistors T2-T5 are off 
isolating the k>ad 10. Whenever Tg switches on, diode 
D3 is forward biased forcing the panel to discharge to- 
ward a lower potential. The run-off current enters induc- 
50 tor L2. Transistor Tg pumps the current from the inductor 
L2 through diode D4 charging the recovery capacitor Cr. 
Fig. 3 shows the incremental lowering of voltage magni- 
tude across the EL device 1 0 during phase 38 due to the 
pumping action. Fig. 4 shows the switching of transistor 
55 Tg triggering the pumping action. The shape and 
step-like decrements in Vl are determined by the induc- 
tor Li timing constant, the signal frequency and the 
load capacitance Cl timing constant. 
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The next power cycle then begins with a charging 
phase 32. Signal Is held low keeping the transistor 
Tg off so no more energy flows through the inductor L2 
into capacitor Cr. AIsO: signal is switched low and 
signal M3 is switched high so that transistors T2 and T3 s 
are on and transistors T4 and T5 are off. This activates 
the first bridge 26 jumping node 42 to a first potential as 
capacitor Cr discharges. Diode D4 keeps the discharge 
energy from flowing as current back toward inductor L2. 
The current flows to node 44 and into the EL panel 1 0. 10 
Node 44 increases its voltage potential magnitude as en- 
ergy is received from both the inductor and the capac- 
itor Cr. 

As previously described signal switches transis- 
tor T-i on and off to pump energy from the inductor L-, to 15 
the EL panel. Energy flow from node 44 to nodes 40 and 
42 puts node 42 at a high potential and node 40 at a low 
potential. Thus, the energy from node 44 flows in the re- 
verse direction to the EL panel 1 0 compared with the flow 
during charging phase 36. The EL panel 10 thus is 20 
brought to a high potential, V^, at the first polarity (e.g., 
positive). 

The power cycle repeats with energy being pumped 
to the EL panel 10 during charging phases 32, 36 and 
non-dissipated energy being recovered from the EL pan- 25 
el 10 during discharge phases 34, 38. During each 
charging phase, energy is supplied from the power 
source 12 via charging pump stage 20 and from the re- 
covery capacitor Cr of the recovery pump stage 22. 

Each incremental step in voltage, Vl, during charg- 30 
ing phases 32. 36 corresponds to the switching period 
of signal M^. Similarly, each decremental step In voltage, 
Vl, during discharging phases 34, 38 corresponds to the 
switching period of signal Me- 

35 

Timing Generator Circuit 

Fig. 5 shows a schematic diagram of a circuit 18 em- 
bodiment tor generating the timing signals through 
Mg of Fig. 4. The circuit 18 includes several D flip-flops 40 
42, 44, 46, 48, a counter 50 and several NAND gates 
52-64 and inverters 66, 68. A clock signal is input to a 
set of NAND gates 58-64 for generating signals and 
Mg. The clock signal also is input to the counter 50 to 
transition every X number of clock pulses. X defines the ^5 
number of T<, switches during a charging phase 32, 36 
or the number of Tq switches during a recovery phase. 
In an alternate embodiment separate counters are used 
to define the number of T-| switches and Tg switches so 
that the number of switching periods X in the charging so 
phase may vary with a number Y in a discharging phase. 

Every counter 50 transition marks a phase change 
(e.g., phase 32 to phase 34) in the power cycle. Flip-flop 
48 is toggled every two counter transitions to enable the 
first bridge (transistors T2, T3) or the second bridge (tran- 55 
sistors T4, T5). Flip-flop 46 is toggled every counter tran- 
sition to switch between a charging phase and a dis- 
charging phase. Flip-flop 42 is driven by flip-flop 48 when 



the first bridge is active. Flip-flop 44 is driven by flip-flop 
48 when the second bridge is active. 

Although the embodiment for the timing generator 
circuit 18 is depicted with discrete components, in a pre- 
ferred embodiment, timing circuitry is formed on an inte- 
grated circuit. Any of many alternative logic formations 
are implemented on the IC to achieve the timing pattem 
of Fig. 4. 

Alternative Embodiments 

For a best mode embodiment, the energy recovery 
circuit 16 and timing generator circuit 18 are formed on 
a common integrated circuit designed to minimize para- 
sitic effects. In particular, parasitic capacitances and in- 
ductances attributable to high frequency switch ing action 
are greatly minimized by a common IC tuned for a spe- 
cific switching frequency range. Note that low-profile in- 
ductors and capacitors are formed off-chip. 

For a given EL panel 10 energy recovery circuit 16 
values are selected based on a desired switching fre- 
quency range. Different values are preferred for different 
frequency ranges to best tune out parasitic effects of the 
transistors T^ to Tg. 

In one embodiment inductors L-j and L2 are formed 
by discrete inductive coils or other inductive structures. 
In one embodiment capacitor Cr is fomned by a capacitor 
or other capacitive structure. In one embodiment the di- 
odes D-,-D4 are formed by diodes or other diode-like 
structures (e.g., transistor wired as diode). In an IC em- 
bodiment the diodes preferably are formed by diode or 
diode-like structures integral to the IC. In one embodi- 
ment switches T^-Te ^^'^ transistors operated as 
switching devices, although other switching transistors 
or switching devices also may be used. In an IC embod- 
iment devices T-j-Tg are switching structures integral to 
the IC chip. Such switching structures may be transitive 
structures or other switching structures. The structures 
implemented for circuit 16 components also may vary 
depending on the IC technology. 

In the preferred embodiment, pumping occurs dur- 
ing the entire charging phase or discharging phase, in 
alternate embodiments, however, pumping may occur 
over a portion of the charging or discharging phase. In 
various embodiments, the number of switching periods 
in a charging phase may be the same or differ from the 
number of switching periods during a discharging phase. 

Problem and i\fleans for Solving Probiem 

This invention addresses the problem of power in- 
efficiencies in EL devbes. To make EL device usage 
more efficient, energy is recovered from the EL device 
during discharge. As EL devices are capacitive in nature, 
such devices are powered by charging the device to a 
high potential, then discharging the device to a low po- 
tential. Only a small portion of such energy input to the 
device, however, is used to generate light. It is therefore 
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desirable to recover some of the energy during discharge 
and re-use to charge the EL device during a subsequent 
charging period. 

While prior solutions have perfomned energy recov- 
ery using resonant tank circuits, the solution of this in- 5 
vention is to provide a switching scheme for pumping en- 
ergy Into and out of the EL device. By using a switching 
scheme energy Is moved in smaller units. Conventional 
resonant tank circuits absorb discharge energy and 
re-enter the energy into the EL device based upon the io 
timing constants of the capacitive and inductive compo- 
nents of the EL device and resonant tank. Such compo- 
nents are comparatively larger than for the inventive cir- 
cuit making the resonant tank approach impractical for 
implementation in small hand-held devices. 

The switching scheme of this approach uses tran- 
sistors to define a power cycle, trigger charging and dis- 
charging phases, and pump energy into and out of the 
EL device. The pump stages Include inductors which 
pump energy in smaller amounts than the EL load ca- 
pacitance freely discharges. 

Meritorious and Advantageous Effects 

One advantageous effect of the energy recovery cir- 2S 
cult of this invention is that the switching action used for 
pumping energy into and out of the EL device allows 
smaller units of energy to be controlled. The switching 
scheme allows smaller components to achieve energy 
recovery, as compared to components required by con- 30 
ventional resonant tank energy recovery circuits. An ef- 
fect of the smaller components is that the energy recov- 
ery circuit of this invention is easily implemented in very 
small devices. 

Another advantageous effect of the energy recovery 35 
circuit of this invention is a reduced power consumption. 
Reduced power consumption is particularly beneficial for 
EL panels used with portable computing devices. As the 
panel is powered by battery, it operates for a longer time 
period before the battery needs to be recharged. 40 

Another advantageous effect of the energy recovery 
circuit is that less heat is generated in powering an EL 
device. Thus the need to provide cooling mechanisms is 
reduced. Reduced cooling requirements means a lighter 
weight panel may be achieved and that the panel can be 
used in higher temperature environments. 

Another advantageous effect of the energy recovery 
circuit is that effective steady state currents in the EL 
drive circuit are reduced. 

Although a preferred embodiment of the invention so 
has been illustrated and described, various alternatives, 
modifications and equivalents may be used. Therefore, 
the foregoing description should not be taken as limiting 
the scope of the inventions which are defined by the ap- 
pended claims. 



Claims 

1. An energy recovery circuit (16) for powering an EL 
device (10), comprising: 

a first inductor (L^) coupled to the EL device 
(10) and receiving a voltage signal (V|„) from a 
power source (12), the first inductor (L^) storing 
energy from the power source (12); 

a first switch (T^) coupled to the first inductor 
(L-i) for pumping energy from the first inductor (L^) 
to the EL device (10) to charge the EL device (10); 

a second inductor (Lg) coupled to the EL 
device (10) and receiving EL device discharge 
energy; 

a second switch (Tg) coupled to the second 
inductor (L2); 

a first capacitor (Cr) coupled to the second 
inductor (Lg) and the EL device (10); 

the second switch (Tq) for pumping EL device 
discharge energy from the second inductor (L2) to 
the first capacitor (Cr) while the EL device (10) is 
discharging; 

the first capacitor (Cr) storing pumped dis- 
charge energy, then releasing the stored discharge 
energy into the EL device (10) to charge the EL 
device (10). 

2. The energy recovery circuit of claim 1 , further com- 
prising: 

a first bridge (26) and a second bridge (28) 
formed across the EL device (10), the first inductor 
(Li ) coupled to the EL device (10) via the first bridge 
(26) and second bridge (28), the first bridge and sec- 
ond bridge receiving timing signals for defining a 
power cycle, the power cycle having a charging 
phase and discharging phase at one polarity fol- 
lowed by a charging phase and a discharging phase 
at an opposite polarity; and 

wherein the first switch (T^) pumps energy 
from the first inductor (L^) to the EL device (10) and 
the first capacitor (Cr) releases discharge energy 
into the EL device during charging phases of the 
power cycle; and 

wherein the second switch (Jq) pumps EL 
device discharge energy from the second inductor 
(Lg) to the first capacitor (Cr) during discharging 
phases of the power cycle. 

3. The energy recovery circuit of claim 2, in which the 
first bridge (26) comprises a first transistor (T2) and 
a second transistor (T3) coupled to the EL device 
(1 0) as an electrical bridge; and in which the second 
bridge (23) comprises a third transistor (T4) and a 
fourth transistor (T5) coupled to the EL device (10) 
as an electrical bridge. 

4. An energy recovery circuit (16) for powering an EL 
device (10), comprising: 
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a first stage (20) for receiving a voltage signal 
(V|n) from a power source (12), the first stage com- 
prising a first inductor (LI ) and a first switch (T-, ).. the 
first inductor receiving the voltage signal (Vj^) and 
storing energy, the first switch pumping energy from 5 
the first inductor to the EL device during charging 
phases of an EL device power cycle; 

a first bridge (26) and a second bridge (28) 
formed across the EL device and coupled to the first 
stage (20), the first bridge and second bridge receiv- io 
ing timing signals for defining the EL device power 
cycle, the power cycle having a charging phase (32) 
and discharging phase (34) at one polarity followed 
by a charging phase (36) and a discharging phase 
(38) at an opposite polarity; 15 

a second stage (22) for receiving EL device 
discharge energy, the second stage coupled to the 
first bridge and second bridge and to the EL device, 
the second stage (22) comprising a second inductor 
(L2), a second switch (Tg) and a first capacitor (Cr), 20 
the second inductor (L2) coupled to the EL device 
and receiving EL device discharge energy, the sec- 
ond switch (Tg) pumping EL device discharge 
energy from the second inductor (L2) to the first 
capacitor during discharging phases (34, 38) of the 25 
power cycle, the first capacitor (Cr) storing the 
pumped discharge energy during discharging 
phases (34, 38) and releasing the stored energy into 
the EL device via the first bridge (26) or second 
bridge (28) during a charging phase (32, 36). 30 



8. The method of claim 7 in which the step of transfer- 
ring comprises the steps of: 

storing energy from the power source (12) at 
a first inductor (L^); 

releasing the stored energy to the EL device 
(10); and 

repeating the storing and releasing steps dur- 
ing a charging phase (32, 36) of the power cycle. 

9. The method of claim 7 in which the step of capturing 
comprises the steps of: 

storing a discharge energy portion from the EL 
device at a second inductor (L2); 

releasing the stored discharge energy portion 
to the capacitor (Cr); and 

repeating the storing and releasing steps dur- 
ing a discharging phase (34, 38) of the power cycle. 

10. The method of claim 8, in which a first bridge (26) 
and a second bridge (28) are formed across the EL 
device (10), the first inductor (L^) coupled to the EL 
device via the first bridge and second bridge, and 
further comprising the step of: 

receiving timing signals (M2, M3, M4, M5)atthe 
first bridge (26) and second bridge (28) for defining 
a power cycle, the power cycle having a charging 
phase (32) and discharging phase (34) at one polar- 
ity followed by a charging phase (36) and a discharg- 
ing phase (38) at an opposite polarity. 



5. The energy recovery circuit of claim 4, in which the 
first bridge (26) comprises a first transistor (T2) and 
a second transistor (T3) coupled to the EL device 
(1 0) as an electrical bridge; and in which the second 35 
bridge (26) comprises a third transistor (T4) and a 
fourth transistor (T5) coupled to the EL device (10) 
as an electrical bridge. 



6. The energy circuit of claim 5 in which respective first, 40 
second, third and fourth transistors (T2, T3, T4, T5) 
receive respective first, second, third and fourth tim- 
ing signals (M2, M3, M4, M5) for defining the EL 
device power cycle. 

45 

7. A method of charging and discharging an EL device 
(10) during a power cycle, comprising the steps of: 

charging the EL device (10) by transferring a 
sequence of discrete energy portions from a power 
source (1 2) to the EL device to incrementally accu- 50 
mulate a high energy potential (Vl) across the EL 
device; and 

discharging the EL device by capturing a 
sequence of discrete discharge energy portions 
from the EL device at a capacitor (Cr); and ss 

wherein the step of charging further comprises 
discharging the capacitor into the EL device. 
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